The author believes that a description of the punched-card machine now in use at the Norwegian Defence Research Establishment might be of some general interest.
of the multiplicand may be suppressed during multiplication with any digit of the multiplier. This feature permits several trick-pluggings, e.g., several products may be formed at the same time, and it may even be possible to obtain the sum of several products in one operation.
In the event that more than one multiplication occurs during a problem, a uniselector is provided. The uniselector is stepped during each multiplication, usually in the cycle where the partial products are added. The impulse which starts the cycle following a multiplication is led to the input of the uniselector, and the cycle which is required to follow the multiplication is then initiated from the output hubs of the uniselector. These hubs, 50 in number, may be used for a variety of other purposes as well.
Eight sign-control units have been connected to eight experimentally selected counting wheels, those which experience in use of the machine have appeared to be most useful for this purpose. Each unit has a changeover relay, six relays having two sets of contacts, and the remaining two having three sets of contacts. The sign control takes up one position if the associated counting wheel indicates a nine and assumes the alternative position when any other number is indicated.
By means of a comparison unit, provision is made for comparison at the upper and lower brushes of two 6-digit numbers from two consecutive cards. Mention must also be made of ten relay units which can remember a pulse. Six of these units are cleared at the beginning of a card cycle, and the other four by impulses sent to the clearing hubs either by * punches or in any cycle by pulses from the command hubs. In addition, there have been installed eight units similar to the first six, except that they clear in the card cycle when the zeros are passing the brushes. If these units are set up from the lower brushes they work exactly as the other six, but by setting them up from the upper brushes other obvious effects are obtained. The outputs from the units consist of a positive voltage on an output hub which is normally connected to the bobbin of one of the change-over relays. The sign-control relays, and the relays controlled by memory units, may be used to switch the succession of cycles. Thus, although the machine is not directly designed for division, this operation can easily be programmed.
Numbers may be extracted from the machine in three different ways. They can be punched into the cards supplied to the machine, or into new cards passing through an auxiliary punch, or they can be recorded by teleprinter.
In the first instance the machine must stop, but this may be avoided in the other two cases by inserting a 24-digit relay-storage unit.
In order to check the complicated plugging required in some problems, a panel with 300 indicator lamps, to show the state of all important relays, has been added. A special feature permits the running of single cycles, allowing observation of the behaviour of the machine during this period.
Further technical details are likely to be of interest only to those actually using the equipment, and the author presents now an outline of some problems solved.
(a) Calculation of primes. This problem was attempted only as a demonstration test. The method of successive division was used. Observation was made after each division to see if the remainder was zero or not. Division in each case was performed by subtracting the divisor, 10 times the divisor, 100 times the divisor, etc., until the dividend became negative; division proper was then started from this point. In this way a minimum number of cycles was used. The machine ran continuously for 30 hours, and produced the primes up to 3600 on the teleprinter output. A single punched card was used, giving 7 as the first number to be tested. The initial values of the first two instants and the time of flight were punched into two cards for each curve. The values of t, £, r¡, x and y at second intervals during the total time of flight of 20 seconds were given in tabular form by the teleprinter.
Eighty curves were computed in a little over six hours.
(c) Solution of linear equations. The solution was obtained by Verzuh's method, (see MTAC, v. 3, , but, because of the extra facilities available, the process was considerably simplified. The first equation was divided by its leading coefficient, and two cards were punched by the auxiliary punch for each coefficient. By means of a sorter these cards were then mixed with the cards of the other equations, and one card was punched for each of the coefficients in the resulting equations, where one unknown was eliminated. The reason for computing two cards in the first case was that, whilst one set of cards was used by the machine for eliminating an unknown from one equation, the other set could be mixed with the cards giving the next unknown. Normally several equations are solved simultaneously.
Whenever the machine has finished the calculations for one equation, the teleprinter prints the sum of the cards just punched. As there is an auxiliary card for each equation, containing minus the sum of all the other coefficients in the equation, the teleprinter would always print 0 or -1 if no round-off errors existed. Each equation was preceded by an X-punched master card, different for the first equation and the other equations. This card not only caused the teleprinter to print the contents of the counter giving the sum of the previously punched cards, but also cleared this counter and switched the machine to the correct programme. No manual switching was therefore required. Ten sets of four equations with four unknowns were solved in two hours by this method.
The author believes that it would not be worth while to construct a more flexible electromechanical computor than the one described, because of the inherent slow speed of such punched-card machines. The introduction of electronic techniques into the conventional punched-card system is a stage which will probably be superseded very soon by the use of a true all-purpose electronic computor. Such a machine may, if so desired, have punched cards as input and output media. For this reason the author has not incorporated an electronic multiplier in the machine described. The cost of the equipment is about 20,000 dollars, and it is already possible to buy an electronic generalpurpose computor for about this price. It would seem therefore that the era in which punched-card machines have been applied to scientific computations will very soon be past.
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The material described below is among that which has been added to the collection at the National Bureau of Standards Computation Laboratory. A similar collection is available at the Numerical Analysis Research, Univ.
of California, Los Angeles 24. It is pointed out that it is not possible, with present day equipment, to divorce the engineering and mathematical difficulties in program preparation.
Limitations on read-around ratio imply restrictions on coding ; on the other hand, mathematically redundant checks are useful both in code checking and problem running.
A code-checking scheme recommended is first the checking of the arithmetics of the code (e.g. sub-routines purporting to represent a function accurately or approximately) and then the logics of the code. In the first step a specialization of parameters is often helpful (too great specialization must be avoided-cf. R. A. Brooker, S. Gill, D. J.
Wheeler, MTAC, v. 6, . In the second stage it is useful to record the path of the control through the sub-routine complex. Fast printout of the full memory, to be contemplated at leisure, away from the console, has proved advantageous.
The importance of keeping an adequate diary describing the day-today development of the solution of a problem is stressed.
It is interesting to note that it has been decided to add hardware to the machine to detect overflows or spills. J-T. 59. W. L. van der Poel, "Dead programmes for a magnetic drum automatic computer," Applied Sei. Research, v. 3B, 1953, p. 190-198. Dead programming here refers to programs stored in permanent memory and this paper points out the value of such programming. The Remington Rand Organization is to be thanked for, as well as congratulated upon, the first volume of its Instruction Manual (it is, however, bulky and expensive). It not only provides an excellent means for learning to code on the UNIVAC, but also contains enough information of a general nature to benefit all devotees of high-speed computation. The text is exposed clearly enough so that a veritable tyro in the coding field can learn its principles solely from a perusal of this book without any other aid.
The first eight chapters, which contain the essential information about coding on the UNIVAC, can be mastered in about two weeks by a beginner. Chapter 9, which gives an elementary description of the engineering principles involved in the operation of a high-speed computer, will prove quite interesting for many readers, although it is not essential for the acquisition of coding skill. This reviewer is tempted to make the same statement anent Chapter 10, dealing with the Flow Chart (since she has never found it necessary to use one), but it is sure to arouse the ire of the numerous advocates of this supposed aid in programming.
The last Chapter serves as an Appendix and will be found most useful by the coder, especially as it lists all of the codes in alphabetical order along with complete explanations, whereas in the previous chapters they were given in small sets only and grouped according to operation. The textbook is further enhanced by the inclusion of many exercises in each chapter and of several excellent charts-some bound into the volume, others placed loose within a pocket on the inner back cover.
The beginner will regret the absence of answers to the exercises with which he might compare the results of his first timid attempts at coding. He will welcome, however, the second volume dealing with advanced techniques in programming and coding, promised by the publisher. This reviewer would welcome even more a detailed operators' manual, so that an advanced programmer could learn to use the machine without having to rely on the services of another person.
A word of advice to a newly established laboratory planning to make this manual its sole textbook: One cannot expect a manufacturer to highlight those peculiarities of his machine which for the unwary user become costly and irritable pitfalls-although the UNIVAC is far less vulnerable on this score than are most of the other computers.
It is imperative, therefore, to append another chapter to the manual, expounding the danger points and means for avoiding trouble. One illustration should suffice. The UNIVAC command for shifting to the right is a negative number-a fact which must be borne firmly in mind when attempting to modify this command. The ILLIAC is available for use by personnel of the University of Illinois provided users code their own problems. This manual is designed to teach how to code for the ILLIAC and how to make use of all its facilities. It includes chapters on : the arithmetic of the ILLIAC, the order code, subroutines and interpretive routines, the decimal order input, scaling, machine methods and coding tricks, checking methods, tape preparation, calculation of running time, preparation of a complete program, the cathode ray tube display, the program library, and definition of terms.
This, like the UNIVAC Instruction Manual and WHIRLWIND
Comprehensive System Manual, is a good example of a text for a course in machine programming or a manual for self taught users of a specific electronic digital computer. The WHIRLWIND, operating in a supervisory mode, is used to simulate different easy-to-use digital computers. One of these pseudocomputers is called the "CS Computer" (Comprehensive System) and another is called the "Summer Session Computer."
J. Wegstein
These memoranda include manuals which are suitable as texts for a course in programming for the respective computers. These memoranda also provide a description of other features of the very interesting experiments in systems of high speed computation being conducted at M.I.T. The Bendix Computer is a digital differential analyzer, operating in a decimal numbers system. It can be used to solve linear and non-linear differential equations or simultaneous sets of such equations, or for integral equations, split-boundary value problems, and individual or simultaneous sets of linear or nonlinear algebraic and transcendental equations. The machine can be programmed from punched tape or a manual control panel ; output is recorded on punch tape.
The Model 203 is a high speed general purpose computer, operating serial fashion in binary coded decimal number system. It includes a magnetic drum as well as an accessory magnetic tape storage unit. Its input may be from standard punch-card equipment or from a specially designed photoelectric reader operating from previously punched tape. Output can be recorded on standard punch cards, tape, or be tabulated on an electric typewriter.
Both computers as described by their manufacturers are in the medium price range.
A. R. Cock NBSCL 1134. Anon., "These machines think," Signal, Nov.-Dec. 1953, p. 14-16. This article describes the first calculator of comparable capacity to be produced in quantity-the IBM Data Processing Machine, the 701 which rents for $11,900 a month, or more, depending on storage capacity.
Its memory devices consist of cathode ray tubes, magnetic drums and magnetic tapes. It is capable of performing more than 16,000 addition or subtraction operations a second and more than 2000 multiplication or division operations a second. The magnetic Drum Storage Units will store more than 80,000 digits and the Magnetic Tapes have a capacity of more than 2,000,000 digits a tape. Results can be printed by means of a 150 line-aminute printer at the rate of 1050 ten-digit numbers a minute or punched on cards at the rate of 2400 ten-digit numbers a minute or stored on magnetic tapes at the rate of 1200 ten-digit numbers a second. Faster than thought is an interesting account of the development and application of electronic digital computing machines in England. In this symposium, Dr. Bowden has edited the contributions of twenty-four British experts, including himself, to produce an entertaining and satisfying description of the genesis of modern digital computing machines, their theory and design and their multi-faceted applications in industry, commerce and scientific research.
R. K. Anderson
Beginning with a foreword by the Earl of Halsbury, managing director of the National Research Development Corporation and a preface by the editor, the book is divided into three main parts: Research Establishment parallel electronic digital computer, the Imperial College Computing engine, the Royal Aircraft Establishment sequence-controlled calculator, calculating machines at the Birbeck College Computation Laboratory and six pages on computers in America. In Part Three, special-purpose automatic computers are defined and there are discussed, in separate chapters, applications of electronic computing machines in logical problems, crystallography, meterology, ballistics engineering, government calculations, business and commerce, economics, dynamical astronomy, the playing of games-nim, draughts and chess. Finally, in the closing chapter there is a stimulatingly temperate comparison of thought and machine processes.
With respect to Faster than thought, the reviewer is inclined to agree with the statement in the foreword that "It is undoubtedly the best general account yet written."
It contains much material which will interest both specialists in the development of electronic computing machinery and potential users of this amazing equipment.
Its account of the work of Charles Babbage a hundred years ago, the interest of Lady Lovelace in his attempts to build large-scale automatic digital machinery and her pioneering work in programming, the competent discussion of computer applications ranging from playing chess or draughts to payroll computations and scientific calculations-all these are among many features of the book which will make it stimulating reading for the general reader and specialist alike. Method and 4. The Method of Steepest Descent and Least Squares. For automatic calculation, the authors found method (2) most appropriate for the first stages of the refinement of coordinates and method (4) for the final stages. The Quarichi (1949) modification of (4) was used.
The calculator used was the LEO, a machine built for the Lyons Electronic Office. LEO is a serial, single-address, binary machine. It has a store of sixty-four mercury delay lines, providing a capacity of 2048 words of 17 binary digits. It has paper-tape input, photoelectrically read. Programs were worked out for nicotinamide, which has the space group p2i/a. The computational procedure could be readily modified for other centrosymmetric space groups. Application to acentric space groups would be more complicated. A method is outlined whereby order structures of the 1-, 2-, 3-, and 4-address types may be analyzed for application in a particular type of computation.
The purpose is to assist in determining which will provide the greatest speed of operation and the greatest efficiency of storage in a proposed machine design. The method is applied to a payroll calculation, and the resultant computation times, on comparable machines with singleaddress and 3-address order structures, are presented. Some details of the different types of orders assumed to be used with the two different order structures are given. R. A. Kirsch NBSEC 1138. M. J. Mendelson, "The decimal digital differential analyzer," Aeronautical Engineering Review, v. 13, 1954, p. 42-54. This is a very clear and simple introduction to the logic of the digital differential analyzer. It explains the algorithm for numerical integration, the method of representing negative numbers and zero or negative rates, the organization of digital integrator registers on a magnetic drum, some examples of interconnections to solve simple differential equations, the rules governing scaling of magnitudes, and some special techniques. The latter include the decision integrator, the signum function, constant multipliers, multiplication, and division. 
